Lipid-protein interactions. The mitochondrial complex III-phosphatidylcholine-water system.
Bovine heart mitochondrial complex III (ubiquinol-cytochrome-c reductase) has been reconstituted into phosphatidylcholine bilayers and the effect of varying lipid/protein ratios on the structure and function of the protein has been examined. Electron microscopy, differential scanning calorimetry and Arrhenius plots of enzyme activity provide evidence that the protein is incorporated in an active conformation into pure phosphatidylcholine bilayers. At low lipid/protein ratios (e.g. 80:1 molar ratio) the protein exists in the form of aggregates. As the lipid proportion is increased, electron microscopy reveals the gradual formation of lipid bilayers; structures with the appearance of closed vesicles are seen at or above 300:1 phospholipid/protein molar ratios. Changes in enzyme activity as a function of lipid contents reveal a progressive increase in activity as more lipid is added, with a tendency to reach a saturation point. From the experimental data, a kinetic model is proposed, according to which the protein has an indefinite number of unspecific, independent and identical binding sites for phospholipids, the latter acting as essential enzyme activators. Varying lipid/protein ratios induce structural changes in complex III; visible spectra indicate changes in the polarity of the heme group environment, while Fourier-transform infrared spectroscopy suggests a change in the secondary structure of the protein as the lipid proportion is increased.